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,QQRYDWLYHSODVPDSRO\PHUL]HGPHPEUDQHVEDVHGRQSKRVSKRQLFDFLGJURXSVIRUIXHO
FHOO
-%DVVLO65RXDOGqV
8QLYHUVLWp0RQWSHOOLHU)UDQFH
3URWRQ HOHFWURO\WH PHPEUDQH IXHO FHOOV 3(0)& KDYH UHDFKHG WKH VWDJH RI EHLQJ LQ WKH
IRUHIURQWDPRQJWKHGLIIHUHQWW\SHVRIIXHOFHOOV>@7KH\DUHWKHPRVWSURPLVLQJFDQGLGDWHV
IRU HOHFWULF YHKLFOHV DQG SRUWDEOH HOHFWULFDO SRZHU VRXUFHV EDVLFDOO\ GXH WR WKHLU FRQYHQLHQW
RSHUDWLQJV\VWHPKLJKHQHUJ\GHQVLW\KLJKHOHFWULFDOHIILFLHQF\DQG ORZHPLVVLRQV >@7KH
EDVLFSULQFLSOHRIWKLVWHFKQRORJ\LVWKHSURGXFWLRQRIHOHFWULFLW\E\DQHOHFWURFKHPLFDOUHDFWLRQ
ZKLFKLQYROYHVWKHR[LGDWLRQRIWKHIXHODWWKHDQRGHSURGXFLQJSURWRQVZKLFKDUHWUDQVSRUWHG
WRWKHFDWKRGHWRUHDFWZLWKR[\JHQIRUPLQJZDWHU)LJ,


)LJ,6FKHPDWLFRI3(0)&

7KHSURWRQH[FKDQJHPHPEUDQHLVDNH\FRPSRQHQWLQWKH3(0)&LWSOD\VDGHFLVLYHUROHDV
HOHFWURO\WHPHGLXPIRUSURWRQWUDQVSRUWDQGDOVREDUULHUWRDYRLGWKHGLUHFWFRQWDFWEHWZHHQIXHO
DQGR[\JHQ7KHSHUIOXRURVXOIRQLFDFLGSRO\PHU1DILRQLVRQHRIWKHPRVWH[WHQVLYHO\VWXGLHG
SURWRQ H[FKDQJH PHPEUDQH IRU 3(0)& DSSOLFDWLRQV LW FRPELQHV WKH UHTXLUHPHQW RI KLJK
SURWRQFRQGXFWLYLW\P6FPLQWKHUDQJH&>@DQGFKHPLFDOVWDELOLW\+RZHYHU
LW KDV D QXPEHU RI GUDZEDFNV QHHGHG WR EH RYHUFRPH ZKLFK DUH WKH KLJK FRVW GXH WR LWV
FRPSOLFDWHGV\VWHPFRQVWUXFWLRQWKHGXUDELOLW\DQGWKHSRRUFRQGXFWLYLW\DWWHPSHUDWXUHDERYH
&GXH WR LWV GHSHQGHQFHRQZDWHU 7KDW¶VZK\ WKH GHYHORSPHQW RI HIIHFWLYH DQG ORZ FRVW
PHPEUDQHVIRUIXHOFHOOWXUQHGWREHDFKDOOHQJHIRUWKHPHPEUDQHFRPPXQLW\LQWKHODVW\HDUV

3KRVSKRQLFDFLGGHULYDWLYHVLQSDUWLFXODUDUHFRQVLGHUHGVXLWDEOHFDQGLGDWHVDVLRQRPHUVGXHWR
WKHLUDPSKRWHULFFKDUDFWHUUHODWLYHO\KLJKGLHOHFWULFFRQVWDQWDQGOHVVVHQVLWLYHQHVVWRK\GUDWLRQ
WKDQ1DILRQZKLFKJLYHWKHPDJRRGSURWRQFRQGXFWLYLW\DWWHPSHUDWXUHKLJKHUWKDQ&>@
,QGHHGWKHJRRGSURWRQGRQRUDQGDFFHSWRUSURSHUWLHVRISKRVSKRQLFDFLGOHDGWRKLJKGHJUHHV
RIVHOIGLVVRFLDWLRQDQGG\QDPLFDOK\GURJHQERQGLQJ7KLVOHDGVWRKLJKSURWRQFRQGXFWLYLWLHVLQ
WKHGU\VWDWHDWLQWHUPHGLDWHWHPSHUDWXUH&DQGXQGHUORZKXPLGLW\FRQGLWLRQV

$PRQJ WKH GLIIHUHQW WHFKQLTXHV VXLWDEOH IRU IXHO FHOO PHPEUDQHPDQXIDFWXUH XQGHU YDFXXP
GHSRVLWLRQPHWKRGVDUHSDUWLFXODUO\SURPLVLQJGXHWRWKHLUDELOLW\WROHDGWRPDWHULDOVZLWKPDQ\
DGYDQWDJHVJRRGDGKHUHQFHRQIXHOFHOOHOHFWURGHVORZWKLFNQHVVKLJKFKHPLFDOWKHUPDODQG
PHFKDQLFDOVWDELOLWLHVDQGORZFRVW
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7KH3ODVPD(QKDQFHG&KHPLFDO9DSRXU'HSRVLWLRQ3(&9'DOVRFDOOHGSODVPDSRO\PHUL]DWLRQ
LQWKHFDVHRIRUJDQLFSUHFXUVRULVRQHRIWKHVHFRPSHWLWLYHXQGHUYDFXXPGHSRVLWLRQPHWKRG
,WLPSOHPHQWVUHDFWLRQVEHWZHHQJDVHRXVVSHFLHVDQGWKHVSHFLHVSUHVHQWDQGFUHDWHGRQWKH
VXUIDFHRIWKHVXEVWUDWHGXHWRWKHJORZGLVFKDUJH7KHPHFKDQLVPDGPLWWHGWRGD\LVDQDWRPLF
SRO\PHUL]DWLRQPHFKDQLVP SURSRVHG E\ <DVXGD >@ 3(&9' DOORZV WKH GHSRVLWLRQ RI GHQVH
XQLIRUP DQG GHIHFWIUHH WKLQ ILOPV RQ WKH VXUIDFH RI DPHFKDQLFDO VXEVWUDWH )LOPV GHSRVLWHG
KDYHDWKUHHGLPHQVLRQDOVWUXFWXUHPDGHXSRIUDQGRPO\UHFRPELQDWHGIUDJPHQWVRISUHFXUVRU
'HSHQGLQJ RQ 3(&9' SDUDPHWHUV 5) FRQWLQXRXV RU SXOVHG GLVFKDUJH ORZ RU KLJK
IUDJPHQWDWLRQ UDWHV YDULDEOH SRZHUV DQGPRQRPHUV UDWLRV DZLGH UDQJHRIK\EULGPDWHULDOV
FDQEHREWDLQHG

,Q WKLV VWXG\ PHPEUDQHV EDVHG RQ SKRVSKRQLF DFLG JURXSV ZHUH SUHSDUHG E\ SODVPD
SRO\PHUL]DWLRQSURFHVVXVLQJDOO\OGLPHWK\OSKRVSKRQDWHDVDSUHFXUVRU)LJ,,GHPRQVWUDWLQJ
WKH IHDVLELOLW\ RI SODVPD SURFHVV IRU WKH PDQXIDFWXUH RI SURWRQ H[FKDQJH PHPEUDQHV 7KH
SODVPDUHDFWRUXVHGLVDFDSDFLWLYHO\FRXSOHGRQHZLWKSDUDOOHOSODWHHOHFWURGHV)LJ,,,

)LJ,, 6WUXFWXUH RI PHPEUDQHV PDQXIDFWXUHG E\ SODVPD SRO\PHUL]DWLRQ IURP WKH RUJDQLF
SUHFXUVRUDOO\OGLPHWK\OSKRVSKRQDWH





)LJ,,,([SHULPHQWDO3(&9'UHDFWRU

7KHPDQXIDFWXUHGSODVPDSRO\PHUL]HGPHPEUDQHVZHUHFKDUDFWHUL]HG LQ WHUPVRI WKHLUPLFUR
VWUXFWXUDOSURSHUWLHV LQFRUUHODWLRQZLWKWKHSODVPDSDUDPHWHUV6FDQQLQJHOHFWURQ0LFURVFRS\
6(0 VKRZHG WKDW SODVPDPHPEUDQHV GHSRVLWHG RQ VLOLFRQZDIHU RU FRPPHUFLDOPHPEUDQH
PHFKDQLFDO VXSSRUW XVHIXO IRU WUDQVSRUW SURSHUWLHV LQYHVWLJDWLRQ DUHGHQVHDQGXQLIRUP )LJ
,9'HSHQGLQJRQGHSRVLWLRQGXUDWLRQDQGSODVPDSDUDPHWHUVGHSRVLWHGSRO\PHUILOPVH[KLELW
WKLFNQHVVHVLQWKHPUDQJH7KHFKHPLFDOFRPSRVLWLRQRIILOPVZDVFKDUDFWHUL]HGE\;
5D\ SKRWRHOHFWURQ VSHFWURVFRS\ ;36 ;36 DQDO\VHV FRQFHUQLQJ WKH RUELWDOV &V RI WKH
FDUERQDWRP2VRI WKHR[\JHQDWRPDQG3SRI WKHSKRVSKRUXVDWRPZHUHSHUIRUPHGRQD
ODUJH QXPEHU RI GHSRVLWV 7KHPDLQ FKHPLFDO HQYLURQPHQWV GHSLFWHG LQ ILOPV DUH3±+ 3+±
&+3 23±2+3±2±&+'HFUHDVLQJWKHHQHUJHWLFFKDUDFWHURIWKHSODVPDGLVFKDUJHOHDGV
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WRILOPVULFKHULQ3±2+322+OLNHO\IDYRXUDEOHWRWKHSURWRQFRQGXFWLRQ2WKHUVSHFWURVFRSLF
FKDUDFWHUL]DWLRQV501«DUHLQSURJUHVVWRHQKDQFHWKHVWXG\RIFKHPLFDOFRPSRVLWLRQRIWKH
SODVPD ILOPV7KHSKRVSKRQDWHGSODVPDSRO\PHUL]HGPHPEUDQHVZHUHDOVRFKDUDFWHUL]HGE\
WKHUPRJUDYLPHWU\ DQDO\VLV 7*$ XQGHU DLU DW D KHDWLQJ UDWH RI  &PLQ 3KRVSKRQLF DFLG
JURXSV FRXOG UHWDLQZDWHU WR  & LQGHHGSRO\PHUV VKRZHGDQ LQLWLDO ZHLJKW ORVV RI DERXW
VWDUWHGIURP&GXHWRGHVRUSWLRQRIZDWHU7KHVHZDWHUPROHFXOHVDUHDVFULEHGHLWKHU
WR WKH DGVRUSWLRQ IURP SKRVSKRQLF DFLG JURXSV RU WR VHOIFRQGHQVDWLRQ 7KHQ D VHFRQG
GHJUDGDWLRQQRW\HWHOXFLGDWHGLVREVHUYHGEHWZHHQDQG&$WKLUGGHJUDGDWLRQRFFXUV
DIWHU&DQGDULVHVIURPVHOIFRQGHQVDWLRQUHDFWLRQVZKLFKIRUPDQK\GULGHERQGVEHWZHHQ
SKRVSKRQLFJURXSV7KLVEHKDYLRXUHYLGHQFHVWDELOLW\RIWKHVHPHPEUDQHVLQ3(0)&RSHUDWLRQ
DWKLJKWHPSHUDWXUH&


)LJ,96(0SLFWXUHRISODVPDSRO\PHUL]HGPHPEUDQHGHSRVLWHGRQ6LZDIHU

,QWKHIXWXUHWUDQVSRUWSURSHUWLHVZLOOEHLQYHVWLJDWHGDQGFRUUHODWHGZLWKV\QWKHVLVSDUDPHWHUV
DQGPLFURVWUXFWXUDOSURSHUWLHV3URWRQFRQGXFWLYLW\DQGIXHOSHUPHDELOLW\PHDVXUHPHQWVZLOOEH
SHUIRUPHGLQDZLGHUDQJHRIWHPSHUDWXUHDQGUHODWLYHKXPLGLW\E\(OHFWURFKHPLFDO,PSHGDQFH
6SHFWURVFRS\DQGPHWKDQROFURVVRYHUFHOOUHVSHFWLYHO\

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
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